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Abstract: We consider twisted moduli contributions to supersymmetry breaking in eec-
tive type I string constructions involving intersecting D5i and D9-branes using Goldstino
angles to parametrise the supersymmetry breaking. It is well known that twisted moduli
enter at tree-level into the gauge kinetic functions, and can provide new sources of gaug-
ino mass if they develop F-term vacuum expectation values. It is generally assumed that
string states which are sequestered from the twisted moduli receive a zero soft mass in
the twisted modulus domination limit, however the standard form of Ka¨hler potential does
not reproduce this expectation. We therefore propose a new form of the Ka¨hler potential
which is consistent at leading order with the sequestered form proposed by Randall and
Sundrum, and show that it leads to exponentially suppressed sequestered soft masses. In-
cluding the eects of Green-Schwarz mixing, we write down the soft scalar and trilinear
masses arising from a type I string construction involving intersecting D5i and D9-branes
in the presence of untwisted and twisted moduli. If the squarks and sleptons are identied
with sequestered states then in the twisted moduli dominated limit this corresponds to
gaugino mediated supersymmetry breaking, and we discuss two dierent scenarios for this.
The general results will be useful for phenomenological studies involving a combination of
gravity and gaugino mediated SUSY breaking due to the dilaton, untwisted and twisted
moduli contributions, and enable the soft masses to be studied as a function of the dierent
compactication radii.




Superstring theories oer the only consistent method for unifying the four fundamental
forces of Nature within a single consistent framework. Important developments during
the second string revolution have shown how the ve separate string theories and eleven-
dimensional supergravity (SUGRA) are dierent perturbative limits of an underlying M-
theory [1]. The dierent theories were found to be inter-related by dualities [2] including a
weak-strong coupling duality between SO(32) heterotic and type I models. For example,
the (intractable) non-perturbative behaviour of heterotic-O theory yields the same physics
as a perturbative analysis in a similar type I model. These dualities opened the doors to
an exploration of the M-theory moduli space. Another revolutionary development was the
discovery of extended, solitonic objects called Dirichlet branes in type I and II models which
raised the hitherto unexplored possibility that gravity and gauge elds could live in dierent
numbers of dimensions since a coincident stack of D-branes generates an SU(N) gauge
group within its world-volume [3]. D-branes have become fundamental building-blocks
(where open strings end) in the construction of extra-dimensional models for investigating
everything from electroweak symmetry breaking to grand unication, and supersymmetry
(SUSY) breaking to inflationary cosmology.
Before the discovery of string dualities and D-branes, heterotic strings with a gauge
group of SO(32) or E8  E8 oered the most promising possibility of constructing semi-
realistic string models that could recover the (minimal supersymmetric) Standard Model
(MSSM) in the low-energy limit [4]. Recently semi-realistic type I string vacua have been
constructed using a duality with type IIB orientifolds, where consistency requires the ad-
dition of D-branes into the vacuum for tadpole cancellations [5, 6, 7, 8]. There are only
a nite subset of type IIB orientifolds (type I orbifolds) that give rise to four-dimensional
N = 1 supersymmetric models 1 and lead to phenomenogically appealing low-energy gauge
groups (for embedding the MSSM) and massless spectra.
The heterotic-O and type I models share common features, but dier in phenomeno-
logically important ways. For instance, both scenarios contain dilaton and (twisted and
untwisted) moduli elds that are related to the geometry of the compactied space and
appear in the low-energy four-dimensional eective SUGRA theory [10]. However, in type
I models the fundamental string scale M is no longer xed at the grand unication MX
or Planck scales MP , and in principle can be as low as the TeV scale with the lower bound
1These orbifolds have already been classied in the context of heterotic compactications [9].
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determined by phenomenology. The low energy gauge structure is controlled by the num-
ber and type of D-branes present in the vacuum, and background antisymmetric elds can
also induce further symmetry breaking [11].
An important dierence between heterotic and type I is the ro^le played by twisted
moduli elds - closed string states that are trapped at xed points in the underlying manifold
due to the action of orbifold compactication. Consider the gauge kinetic function fα that
appears in the SUGRA lagrangian [10]. In weakly coupled heterotic string theory, the
string coupling constant is uniquely determined by the dilaton g−2s  Re(S), and:
fα = kαS + 1−loop(Ti) (1.1)
where kα is the Kac-Moody level of the gauge factor2 and 1−loop(Ti) arises from 1-loop
string threshold corrections [12] 3. In contrast, type I models have gauge kinetic functions
that depend on the dilaton S for 9-branes and the moduli elds Ti for 5i-branes, giving rise
to dierent gauge couplings on dierent branes. In addition the gauge kinetic functions
have a tree-level dependence on the twisted moduli, and this gives rise to dierent gauge
couplings even within a particular D-brane sector. The tree-level dependence on the twisted
moduli elds Y k from the kth twisted sector (within the world-volume of a given D-brane
sector) are given by:





















and q(pi) label the xed points within the 9(5i)-brane and sα,k, s0β,k are calculable model-
dependent coecients. Thus twisted moduli tend to induce non-universal gauge couplings
even for gauge groups living on a common brane sector. The twisted moduli also play an
important ro^le in the cancellation of gauge and gravitational anomalies in type I models -
like the dilaton in heterotic string theory - through a generalised four-dimensional Green-
Schwarz mechanism [6] that mixes twisted and untwisted moduli together.
The Ka¨hler potential and superpotential can also receive non-perturbative contri-
butions, and in the absence of a complete model one may adopt a phenomenologically-
motivated parametrisation in order to make progress [7, 14]. The relative contributions
to the overall SUSY breaking F-term vacuum expectation value (vev) from dierent elds
can be parametrised in terms of Goldstino angles. In such an approach one can derive the
soft parameters in terms of the Goldstino angles, and examine various limits in which the




3In contrast, there is a very dierent situation for the strongly coupled case (from M-theory) where fα
receives comparable contributions at tree-level from the dilaton and untwisted moduli elds f ∼ S+T [13].
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dilaton or moduli elds dominate. As envisaged by the originators of the approach, it may
also be used to investigate the contributions to SUSY breaking from twisted moduli in
eective type I theories, in addition to the usual dilaton and untwisted moduli elds [15].
However the analyses that have been done so far have only considered the explicit situation
where the gauge group and matter elds arise from a stack of D9-branes, and thus share
the same world-volume as all of the twisted moduli elds. It is one of the purposes of
this paper to extend the scope of such analyses to include more general set-ups involving
intersecting D5i and D9-branes. In so doing we encounter a diculty that is not present
in the case of a single D9-brane set-up, namely the problem of sequestered states which do
not share the same world volume as the twisted moduli, and we show how this problem
may be successfully resolved.
In this paper, then, we shall consider twisted moduli contributions to SUSY breaking in
eective type I string constructions based on a general set-up involving intersecting D5i and
D9-branes, using Goldstino angles to parametrise the SUSY breaking. It is well known that
the F-term vevs of the twisted moduli elds provide a new source of gaugino masses [16].
It is also generally assumed that states that do not live in the same world-volume should
receive zero soft mass contributions in the twisted moduli dominated limit, which oers a
possible string realisation of gaugino mediated SUSY breaking (~gMSB) [16],[17]. However
we show that the standard form of Ka¨hler potential is not consistent with this physical
requirement. We therefore propose a new form of the Ka¨hler potential which is consistent
at leading order with the sequestered form proposed by Randall and Sundrum [18], and
which leads to exponentially suppressed sequestered soft masses, in agreement with physical
expectations. Including the eects of Green-Schwarz mixing we then write down soft scalar
and trilinear masses arising from a general string construction involving intersecting D5i
and D9-branes in the presence of untwisted and twisted moduli. We show how the results
may be applied to ~gMSB and discuss two explicit scenarios for this. The general results
will be useful for phenomenological studies involving a combination of gravity and gaugino
mediated SUSY breaking due to the dilaton, untwisted and twisted moduli contributions,
and enable the soft masses to be studied as a function of the nite compactication radii.
The layout of the remainder of the paper is as follows. In section 2 we discuss eective
type I string theories in the presence of twisted moduli, point out the diculty with the
sequestered soft masses using the standard Ka¨hler potential, and propose a new sequestered
form of Ka¨hler potential which solves the problem. In section 3 we generalise our results to
include Green-Schwarz mixing, then in section 4 we write down the resulting soft scalar and
trilinear masses that arise in general string constructions involving intersecting D5 and D9
branes, in the presence of twisted and untwisted moduli contributions to SUSY breaking.
In section 5 we discuss gaugino mediated SUSY breaking as a simple example, and point
out that our results enable gravity mediated corrections to gaugino mediated to be studied
as a function of the compactication scale. For completeness we include Appendices on
Supergravity basics, and the Randall-Sundrum discussion of sequestered sectors.
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2. Effective Type I String Theory and Twisted Moduli
2.1 Ka¨hler Potentials
In this section we will introduce a generic type I string construction involving intersecting
D5i-branes embedded within D9-branes, where coincident D-branes give rise to gauge
groups localised within the world-volume of the corresponding D-brane. Chiral charged
matter elds appear as open-strings with their ends attached to D-branes. Chan-Paton
factors at the string ends carry the gauge quantum numbers under the attached gauge
group. This type of construction will lead to two distinct types of matter eld - C5ij
and C9j are open strings with both ends attached to the same D5(9)-brane, while C
5i5j
and C95i have their ends attached to dierent D-branes and the string tension forces the
inverse length of the strings to become of order the string scale M. The C5i5j states
become localised at the 4d intersection point between the two D5-branes, while the C95i
states have one end attached anywhere along the 5i-brane world-volume. The spectrum also
contains closed strings that correspond to the gravity multiplet and dilaton (S) and moduli
elds (Ti). Notice that this construction is entirely general and is T-dual to alternative
scenarios involving D7- and D3-branes. A construction involving two sets of intersecting
branes within a D9-brane is shown in gure 1, but our analysis can be extended for a full




































Figure 1: A generic type I string construction involving two sets of perpendicular D5-branes
embedded within a D9-brane, where the D5-brane world-volumes intersect at the origin. Charged
chiral elds appear as open strings with both ends attached to the same D-brane C5ij and C
9
j ,
or dierent branes C5152 and C95i . Closed strings (S, Ti) can live in the full 10d space, although
orbifolding leads to closed strings (twisted moduli Yk) localised at 4d xed points within the D5i-
brane world-volume.
We can now exploit the string duality between 10d SO(32) heterotic theory and 10d
type I theory to derive the 4d Ka¨hler potential K(S, Ti, Ca) for the dilaton, (untwisted)
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moduli and charged chiral elds that arise in the low energy supergravity description of
the model with two sets of intersecting D5-branes embedded within a D9-brane as shown
in Figure 1. Ignoring the twisted moduli for the moment, the result is [7]:
K = − ln


















(S + S)1/2(T3 + T3)1/2
+
jC951 j2
(T2 + T2)1/2(T3 + T3)1/2
+
jC952 j2
(T1 + T1)1/2(T3 + T3)1/2
The results can easily be extended to include a third 53-brane.
Expanding the Ka¨hler potential in the lowest order in the matter elds
(i.e. (S + S)  jC511 j2 + jC522 j2) yields:



































(S + S)1/2(T3 + T3)1/2
+
jC951 j2
(T2 + T2)1/2(T3 + T3)1/2
+
jC952 j2
(T1 + T1)1/2(T3 + T3)1/2
Using Appendix A and Eq.A.2, we can identify the individual Ka¨hler metrics (which are






















(S + S)1/2(T3 + T3)1/2
~KC95i =
1
(Tj + Tj)1/2(Tk + Tk)1/2
(i 6= j 6= k 6= i)
The twisted moduli Y k,q also contribute to the Ka¨hler potential, but the precise form
of the contribution is strongly model-dependent. For simplicity we shall consider a single
twisted modulus within each of the three D5-brane sectors, which we denote by Y k where
k = 1, 2, 3 labels the D5k branes. Each of the Y k may be regarded as a linear combination of
all the twisted moduli within that D5k brane, so that the simplied gauge kinetic function
is from Eq.1.3,




Anomaly cancellation via the Green-Schwarz mechanism suggests that this contribution
mixes twisted and untwisted moduli together while preserving modular invariance. We
will work in terms of a general even function K^ with an argument:
(Yk + Yk)− δkjGS ln(Tj + Tj) (2.5)
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(Yk + Yk)2 (2.6)
Hence the tree-level Ka¨hler potential for the closed string states is:










We will repeat our analysis in the presence of a Green-Schwarz mixing term (δGS 6= 0) in
section 3.
The perturbative superpotential can be expressed in terms of the states present in the
model by considering the set of renormalisable interactions that arise from the splitting







































where the Yukawa coupling constants (associated with elds arising from each 5-and 9-








However, the superpotential can also receive (unknown) non-perturbative contributions,
e.g. from gaugino condensation4, that require the F-terms to be parametrised in terms of
Goldstino angles.
In this general setup, we are assuming that SUSY breaking originates from the closed
string sector. In the absence of a Green-Schwarz anomaly cancelling term in Eq.2.6, the
Ka¨hler metric is diagonal at leading order since ReS,ReTi  jCaj2. Using Eqs.2.2,2.6,A.8
we can write down the SUSY breaking F-term vev in terms of two Goldstino angles (θ, φ),
where θ(φ) describes the relative contributions from the dilaton and moduli (twisted and









iαS (S + S) (2.10)
FTi =
p




3m3/2 cos θ sin φi e
iαi(Ti + Ti) (2.11)
FYk =
p















One can study three limits of phenomenological interest where dierent sources of
SUSY breaking dominate: dilaton (S) domination where sin θ = 1; untwisted moduli (Ti)
4See [19] for a recent discussion in the context of stabilising the dilaton potential in type I string theory.
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domination where cos θ = sin φ = 1; and twisted moduli (Yk) domination where cos θ =
cos φ = 1. In the next sub-section we shall see that there is a problem with the sequestered
masses in the twisted moduli dominated limit, and then we shall show how this problem
may be resolved.
2.2 Problems with the Standard Ka¨hler Potential
In order to illustrate the problem let us consider the case of a single linear combination of
twisted moduli located inside the 52-brane, which we denote by Y2, corresponding to the
simplied gauge kinetic function f52α = T2 + sαY2/4pi. Thus we take the SUSY breaking
parameter 2 = 1 in Eq.2.12. We regard this linear combination Y2 to be located in
the world-volume of the 52-brane at a distance O(R52) from the intersection states C5152 .
Figure 1 shows that only C52j , C
9
j and C
952 states can couple directly to the Y2 twisted
moduli, while C51j , C
951 are conned on the 51-brane, and C5152 is conned to the origin
xed point. We refer to the states C51j , C
951 and C5152 which are spatially separated from
Y2 as being sequestered from it. Using Eqs.2.10-2.12,A.17 with the standard Ka¨hler metric
for the intersection and 51-brane states of Eq.2.3, the sequestered state scalar masses are








sin2 θ + 23 cos






































In the twisted moduli dominated limit where the F-term FY2 is the only contribution to






= m2C951 = m
2
3/2 (j = 1, 2, 3) (2.14)
The soft masses in Eq.2.14 are independent of the separation between the origin and the
xed point at which the twisted moduli live. This is not what we expect. Since these
states are sequestered from the twisted moduli we would expect that their soft masses be
exponentially suppressed by the spatial separation between the two xed points, as the
following argument explains.
In the twisted moduli dominated limit, the situation regarding the sequestered states
is physically equivalent to the gaugino mediated SUSY breaking scenario [17] as shown in
Figure 2. In gaugino mediation, SUSY is broken on a 4d \hidden sector brane" which is
spatially separated along one (or more) extra dimensions from another parallel 4d \matter
brane" where matter elds are localised. Scalar masses on the matter brane are expo-
nentially suppressed at tree-level by the distance between the branes but are radiatively




























Figure 2: The intersecting D5-brane construction shares similar features with the gaugino mediated
SUSY breaking model in the limit of a small compactication radius R51 . In this limit, the C
51
j
and C951 states are eectively localised at the origin, and these intersection states are equivalent
to the matter brane while the localised twisted modulus is equivalent to the hidden sector brane
where SUSY is broken. The spatial separation between the two xed points (matter and hidden
sector brane) is r  O(R52).
the hidden sector brane is played by the twisted moduli localised at a non-trivial xed
point separated from the origin xed point which corresponds to the matter brane.
Clearly in the limit of large spatial separation between the two xed points r  O(R52)






, m2C951  e−M∗rm23/2 (2.15)
where M is the ultraviolet cuto for the eective theory, which we will associate with the
string scale. Obviously, a suciently large separation will lead to a negligibly small mass
as in ~gMSB which oers a solution to the flavour problems and suppression of flavour-
changing neutral-currents. In the next sub-section we propose a new form of the Ka¨hler
potentials which give rise to the correct exponentially suppressed soft sequestered masses
in Eq.2.15 rather than the result in Eq.2.14.
2.3 A New Ka¨hler Potential
We need to modify the intersection state Ka¨hler potentials ~KC5152 , ~KC51j
and ~KC951 to give
the desired exponentially suppressed mass prediction in Eq.2.13 with an explicit dependence
on the separation. Notice that in the limit of very small separation, we should be able to
recover the previous (standard) form of Eq.2.3. To begin with we will only consider the
Ka¨hler potential for C5152 states and later generalise to the C51j , C
951 states as well.
Consider the scalar mass relation of Eq.A.17 for the intersection states C5152 in the
limit of twisted moduli domination and let us determine the Ka¨hler potential from the
5Physically, this suppression is due to integrating out the heavier modes (with masses above the cuto
M∗) that propagate between sectors with a Yukawa-like propagator.
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3m3/2 cos θ cos φ eiαY2 ; twisted moduli domination corresponds to cos θ =
cos φ = 1, and R52 is the compactication radius of the second complex dimension and is
of order the separation between the hidden sector Y2 moduli and the intersection states.






where R2i = R
2
5i
is the compactication radius on the ith torus, M is the string scale, λ is
the 10d dilaton (which is related to the fundamental (perturbative) string coupling which
we can set equal to unity, and ηi is an untwisted closed string from the Ramond-Ramond
sector. Hence, we can nd a relationship between the real part of the untwisted T-modulus













 (Y2 + Y2)2
6

ζ[S, T1, T3] (2.19)
where ζ is some arbitrary function of S, T1 and/or T3. The condition that the previous
expression for the Ka¨hler potential of Eq.2.2 is reproduced in the limit of a small compact-
ication radius, i.e. R52 
p
T2 + T2 −! 0 xes the function ζ[S, T1, T3]:
~KC5152 −! ζ[S, T1, T3] 
1
(S + S)1/2(T3 + T3)1/2
(2.20)
Then in the limit of very large separation R52 
p




(S + S)1/2(T3 + T3)1/2
(2.21)








sin2 θ + 23 cos
2 θ sin2 φ
− cos2 θ cos2 φ (2.22)
which replaces the form in Eq.2.13 in the large separation limit, and which vanishes in
the limit of twisted moduli domination (cos θ = cos φ = 1) due to the strong exponential
suppression factor.
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As shown in Appendix B Randall and Sundrum [18] have discussed the conditions
under which a visible matter sector may be sequestered from a SUSY breaking hidden
sector. The Ka¨hler potential in Eq.B.7 leads to scalar masses that vanish exactly:









where Kvis(Khid) is the separate Ka¨hler potential for the visible (hidden) sectors. If we
write the visible sector (C) and hidden sector as (Y2) Ka¨hler potentials as:
Kvis = 3 jCj2 , Khid = 32(Y2 +
Y2)2 (2.24)
then the combined Ka¨hler potential may be expanded for small jCj2 and (Y2 + Y2)2 as:























+ . . .
The expansion of the coecient of jCj2 in Eq.2.25 is equivalent to the expansion of
e(Y2+Y¯2)
2/6 in Eq.2.21 up to O (Y2 + Y2)4, where we have adopted \natural" units and
set ~MP = 1. Therefore the numerator in Eq.2.21 is equivalent to the Randall-Sundrum
sequestered form of the Ka¨hler potential in Eq.2.25 to O (Y2 + Y2)4, which is sucient
for all practical purposes.
We can now write down the modied form of the tree-level Ka¨hler potential that yields
the \correct" mass for the intersection states C5152 (and similarly the 51-brane states C51j
and C951) - in the limit of Y2-domination - with an explicit dependence on the separation
between the intersection point and the twisted moduli hidden sector:






















































































(T1 + T1)1/2(T3 + T3)1/2
where










Before we repeat this analysis with the Green-Schwarz mechanism for anomaly cancella-
tion, we will show that our result can be generalised to a construction involving three
perpendicular D5-branes that all intersect at the origin. We will assume that there are
three separate linear combinations of twisted moduli Yi - one combination within each







We can immediately write down the form of the Ka¨hler potential that will gives the correct
prediction for the masses in the Y-dominated SUSY breaking limit:
K  ξ(T2, Y2) ξ(T3, Y3)
(S + S)
jC511 j2 +




ξ(T1, Y1) ξ(T2, Y2)
(T2 + T2)
jC531 j2 +
ξ(T1, Y1) ξ(T2, Y2) ξ(T3, Y3)
(S + S)1/2(T3 + T3)1/2
jC5152 j2 (2.29)
+
ξ(T2, Y2) ξ(T3, Y3)
(T2 + T2)1/2(T3 + T3)1/2
jC951 j2 + ξ(T1, Y1) ξ(T3, Y3)
(T1 + T1)1/2(T3 + T3)1/2
jC952 j2 + . . .
Notice that the C5ij and C
95i states will couple directly to the twisted moduli within the
same brane (Yi), but will receive exponentially suppressed SUSY breaking contributions
from the twisted moduli on dierent branes (Yk 6=i). The C9j states live in the full 10d space
and therefore can couple to all twisted moduli.
3. Green-Schwarz Mixing
In this section we will repeat our previous analysis, but with the inclusion of an anomaly
cancelling Green-Schwarz term that requires mixing between the twisted and untwisted
moduli elds. This mixing leads to a non-diagonal Ka¨hler metric (at leading order) and
we use a canonically normalising P-matrix in our parametrisation to dene SUSY breaking
F-terms as discussed in section A.2.
For simplicity, we will again assume that only a single linear combination of twisted
moduli elds Y2 (within the D52-brane world-volume at a distance O(R52) from the in-
tersection point) contributes to the SUSY breaking. Since only the twisted moduli from
the 52-brane contribute, it is not too unreasonable to suppose that only the T2 untwisted
modulus eld participates in the anomaly cancellation. Using Eqs.2.5,2.6 we propose that





Y2 + Y2 − δGS ln(T2 + T2)
2 (3.1)



















0 0 0 1
(T3+T¯3)2
0






where I = S, Ti, Y2 and k = 1+ δGS

Y2 + Y2 − δGS ln(T2 + T2)

. For simplicity, we assume
that jCj2  (S + S), (Ti + Ti) 6.
The Ka¨hler metric is block-diagonal, and we can canonically normalise the metric using
















cos θ sinφ1 eiα1
cos θ sinφ2 eiα2
cos θ sinφ3 eiα3
cos θ cos φ eiαY2
1
CCCCCA (3.3)




ii = 1 and we have included CP-phases.
Using Eq.3.2 and imposing the condition P yKJ¯IP = 1 we obtain a very complicated




S + S 0 0 0 0






















where k = 1 + δGS

Y2 + Y2 − δGS ln(T2 + T2)

.
From Eqs.3.3,3.4 we nd the SUSY breaking F-terms:
FS =
p
3m3/2 sin θ e
iαS (S + S)
FT1 =
p
3m3/2 cos θ sinφ1 e









































. Notice that in the limit of T2 (or
Y2) modulus domination, both FT2 and FY2 are non-zero. Setting cos θ = cos φ = 1 still
6Notice that in this limit the exact form of the intersection state Ka¨hler potential ~KC5152 is not impor-
tant.
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corresponds to the Y2-domination limit, even in the presence of Green-Schwarz mixing, and
we expect the intersection state masses to depend on the separation from the Y2-elds as
before.
Our previous analysis, in the absence of a Green-Schwarz mixing term, leads us to











Y2 + Y2 − δGS ln(T2 + T2)
}2i
(S + S)1/2(T3 + T3)1/2
(3.6)











Similar results apply to the C51j and C
951 states and we obtain a Ka¨hler potential as in
Eq.2.26, but with Eq.2.27 generalised to









Y2 + Y2 − δGS ln(T2 + T2)
}2 (3.8)
In section 5 we will consider an explicit example and analyse the soft parameters in various
limits.
Notice that our comment at the end of section 2.3 about including the eects of multiple
SUSY breaking twisted moduli still holds. The previous expression of Eq.2.29 is easily
generalised by replacing the arguments as follows:
(Yk + Yk) −! (Yk + Yk)− δGS ln(Tk + Tk). (3.9)
4. Soft SUSY Breaking Parameters
We will now write down the complete list of soft scalar masses and trilinears that arise
in a general string construction involving two intersecting D5-branes embedded within a
D9-brane, where a single linear combination of twisted moduli Y2 is located at a xed
point within the world-volume of one of the branes (52). It is straightforward to generalise
these results to more twisted moduli elds, and we have explicitly discussed the case of
three twisted moduli Yi in section 2. The results presented in this section will be useful for
performing more general phenomenological analyses of sparticle spectra in string theory
than have been done so far in the literature.
Note that the gaugino masses require knowledge of the gauge group embedding, and
therefore gaugino masses are more model-dependent. We will consider a simple example
in section 5.
4.1 Scalar Masses
Using Eqs.2.26,3.5,3.8,A.17 we can write down the scalar masses for the non-sequestered
states C52j , C
9
j and C















































The sequestered states C52j , C
5152 and C951 are spatially separated from the twisted mod-
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Y2 + Y2 − δGS ln(T2 + T2)
}2 4 +pT2 + T2
−
cos2 θ cos φ sin φ











k (T2 + T2)





16(T2 + T2)3/2 + δGS








In the limit of a large separation, R52 
p
T2 + T2 !1
~m2 ! m23/2
"
1− cos2 θ cos2 φ− cos
2 θ sin2 φ22 δGS
k

Y2 + Y2 − δGS ln(T2 + T2)
}#
(4.4)
and for a small separation R52 
p
T2 + T2 ! 0
~m2 ! m23/2 (4.5)
Now we will consider the dierent limits of SUSY breaking:
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Notice that this limit generally gives rise to tachyonic states.
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where the 52-and 9-brane states couple directly to the SUSY breaking twisted moduli and
are not exponentially suppressed.
Physically the twisted Y2 moduli dominated limit, corresponds to gaugino mediated
SUSY breaking, if the standard model quark and lepton states are identied with the
sequestered states (see later example). The dilaton and T-moduli domination limits corre-
spond to dierent examples of gravity mediated SUSY breaking. In the general case where
one is not in any particular limit, SUSY breaking will have contributions from the F-terms
of the dilaton and untwisted moduli as well as the twisted moduli, and then one must use
the general formulae for the scalar masses in Eqs.4.1, 4.2.
4.2 Trilinears
The trilinear and Yukawa couplings arise from the superpotential, where the dominant
tree-level contributions are shown in Eq.2.8 in terms of open string states. The precise
structure of the Yukawa and trilinear matrices depend on the identication of these string
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states with MSSM elds. The leading terms are constrained by string selection rules
and gauge invariance. Higher order corrections can be generated by higher-dimensional
operators where powers of the model cuto (e.g. the string or Planck scales) lead to a
large suppression. We will illustrate how dierent identications lead to alternative Yukawa
structures in section 5, as recently discussed in Ref. [20].
We will now list the dominant trilinear couplings that arise from the perturbative
superpotential of Eq.2.8. Using Eqs.2.26,3.5,3.8,A.19 and making the standard assump-
tion that the Yukawa couplings Yabc have no dependence on the dilaton and moduli elds
























Y2 + Y2 − δGS ln(T2 + T2)
}2 (4.9)
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Y2 + Y2 − δGS ln(T2 + T2)
}2 (4.11)












































Y2 + Y2 − δGS ln(T2 + T2)
}2 (4.12)


























− cos φ eiαY2 Y2 + Y2 − δGS ln(T2 + T2)} (4.13)





− cos θ cos φ eiαY2 Y2 + Y2 − δGS ln(T2 + T2)} (4.14)
Now we will consider the dierent limits of SUSY breaking:
7Notice that by denition, the Yukawa couplings are related to the moduli elds through Eq.2.9 so this
assumption is not really valid, but we make it for illustrative purposes so that our results may be compared
to others in the literature.
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 Dilaton domination (sin θ = 1):



























































































































Y2 + Y2 − δGS ln(T2 + T2)
}2 (4.17)






= AC91C951C951 = AC5152C951C952 =
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Y2 + Y2 − δGS ln(T2 + T2)
}
(4.19)
5. Gaugino Mediated SUSY Breaking
The preceeding results are based on a general set-up of intersecting D5i and D9 branes. In
order to discuss ~gMSB it is sucient to specialize to the case of just two intersecting sets
of D5 branes, 51 and 52. This set-up arises for example in the explicit string constructions
of [21]. We shall assume that the MSSM gauge group arises from the 52-brane only. This
enables approximate gauge coupling unication to be achieved. The MSSM matter elds
are identied as either C5152 or C52j states. We assume that any C
5152 states are gauge
singlets with respect to any gauge groups on the 51-brane. Such a set-up may be achieved
in practice by constructions involving severely asymmetric compactications (for example
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R52  R51 [22]), where the combined gauge groups generally arise from linear combinations
of groups on each set of branes. The asymmetry ensures that the dominant contributions
live on the 52-brane, a limit we refer to as \single brane dominance".
Although the perpendicular 51-brane seems to be irrelevant in this scenario, in fact it
plays an important ro^le since the C5152 states are sequestered at a distance r  O(R52)
from the xed point associated with the twisted modulus Y2. From Eq.4.2 we nd the soft






sin2 θ + 23 cos
2 θ sin2 φ

(5.1)





If the standard model states are all identied as intersection states C5152 then for large
radius of compactication this corresponds to gaugino mediated SUSY breaking. However
the soft mass in Eq.5.1 is valid away from the twisted modulus dominated limit, and
also is valid for a small compactication radius. It therefore allows more general and
detailed studies of gaugino mediation to be performed, including the eects of nite radius
of compactication, and the contributions from gravity mediation eects, which in type I
theories correspond to the dilaton and untwisted moduli F-term vevs.
























1− 321 cos2 θ sin2 φ

The MSSM gauge groups all arise from the 52-brane, and using Eq.1.3 with a single
linear combination of twisted moduli elds within the 52-brane world-volume, we nd:
f52α = T2 +
sα
4pi
Y2 (α = SU(3)C , SU(2)L, U(1)Y ) (5.4)
where sα are model-dependent coecients that depend on the details of the orbifold com-
pactication. Notice that for Z3 and Z7 orbifolds, these coecents are proportional to the
MSSM 1-loop beta-function coecients bα.



































Now consider dierent limits of SUSY breaking:
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 Dilaton domination (sin θ = 1):
Mα = 0 (α = SU(3)C , SU(2)L, U(1)Y ) (5.6)



















































Figure 3: The allocation of charged chiral elds in scenario A which is similar to the gaugino
mediated SUSY breaking model [17]. The MSSM gauge group arises from the 52-brane, and all
three MSSM chiral families are localised at the origin, while the Higgs and MSSM gauge elds live
on the 52-brane. The dilaton and moduli elds S, Ti live in the full 10d space and a single twisted
moduli Y2 is localised at a xed point inside the 52-brane world-volume.
In scenario A, depicted in Figure 3, the three chiral families are open string states
localised at the origin xed point, and the Higgs elds feel two extra dimensions as open
string states with both ends attached to the 52-brane.
Qi , Li , Ui , Di , Ei  C5152 (i = 1, 2, 3) (5.9)
Hu , Hd  C52j
The Higgs states carry an extra index that plays an important ro^le in constructing the















In order to obtain non-zero third family Yukawa couplings (at tree-level), we can immedi-
ately see that the Higgs elds must be C523 states. This leads to a \democratic" Yukawa
texture (and trilinear matrix) where all entries are equal:
Y udeij  O(g52)
0




The democratic structure arises due to the presence of three (indistinguishable) chiral
families, localised at the origin xed point (C5152). However, type I compactications
do not generally lead to low-energy spectra with this property as one (or more) families
generally arise with both ends attached to the same D5-brane (C5i) which is the situation
in scenario B.
The squark and slepton and higgs soft masses are given by Eqs.5.1, 5.3 with the
identications in Eq.5.9. In general the squark and slepton (C5152) soft masses receive
unsuppressed contributions from the dilaton and untwisted moduli F-term vevs, which
corresponds to the string version of normal gravity mediation. In the limit of twisted














T2+T¯2/4 m23/2 (i = 1, 2, 3) (5.12)
and the Higgs scalars obtain much larger masses due to their direct coupling with the SUSY





This yields the same spectrum as the gaugino mediated SUSY breaking scenario [17], where
vanishingly small scalar masses (due to the separation between sectors) oers an attractive
(and natural) solution to the SUSY flavour problem 8. However, unlike ~gMSB, the third
family trilinear A33  AC523 C5152C5152 from Eq.4.18 is not loop suppressed and depends on
the explicit function of twisted moduli K^(Y2, Y2, T2, T2).
The general results in Eqs.5.1, 5.3 enable us to smoothly move away from the twisted
moduli dominated limit (corresponding to gaugino mediated SUSY breaking) and consider
the contributions of the dilaton and untwisted moduli to the soft masses (corresponding to
the gravity contributions to SUSY breaking). We can also consider the eect of smoothly
changing the compactication radius R52 (corresponding to varying the distance r in Figure
2.)
Notice that if we assign the Higgs elds as dierent 52-brane states - for example
Hu  C523 and Hd  C521,2 - then it is possible to generate a µ-term in the tree-level
superpotential if we add a gauge singlet that acquires a non-zero vev (N  C521 say).
Wren  NHuHd −! µ  hNi (5.14)
8Flavour-changing neutral-current suppression places a lower limit on the size of the separation.
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5.2 Scenario B - Gaugino Mediated SUSY Breaking For the First and Second
Families Only
In scenario B, depicted in Figure 4, the third family is moved on to the 52-brane along
with the Higgs and gauge elds.
Qi , Li , Ui , Di , Ei  C5152 (i = 1, 2) (5.15)
Q3 , L3 , U3 , D3 , E3 , Hu , Hd  C52j
The separation of the third family from the rst two chiral families appears frequently
in type I string compactications. Ref. [22] provides the motivation for this scenario in
the limit of a vanishing 51-brane compactication radius. In this case, the gauge groups
are dominated by their components on the 52-brane. Notice that an extended Pati-Salam
gauge group appears instead of the MSSM group, and gauge invariance with respect to this
larger symmetry prevents proton decay (and rst and second family Yukawa couplings at
tree-level) by forbidding R-parity violating operators.
In order to generate a third family Yukawa coupling at tree-level, the Higgs and third
family singlets and doublets must carry dierent indices. However, we are still free to
choose whether the Higgs elds allocation can give rise to rst and second family Yukawa
couplings at tree-level. For example, suppose that we choose the following allocations:












Figure 4: The allocation of charged chiral elds in scenario B which is similar to the brane
mediated SUSY breaking model [22]. The MSSM gauge group arises from the 52-brane, and only
the rst two chiral families live at the origin while the third family, Higgs and gauge elds live on
the 52-brane. The dilaton and moduli elds S, Ti live in the full 10d space and a single twisted
moduli Y2 is localised at a xed point inside the 52-brane world-volume.
We will generate block-diagonal Yukawa textures that are not consistent with experi-
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mental data:
Y udeij  O(g52)
0




However, if we choose that Hu,d 6= C523 , then we generate a Yukawa texture with only
a single non-zero value in the (33) entry:
Y udeij  O(g52)
0




that is more compatible with data, as higher order corrections can generate the required









where A33 = AC521C522C523 .
The soft masses for this scenario are very similar to scenario A, except that the third
family is now a C522 state, so is now a non-sequestered state. In the twisted moduli dom-
ination limit of Eq.4.8, the rst two families receive exponentially suppressed masses as
for scenario A. However, the third family and Higgs acquire large soft masses  O(m3/2)
which may be read o from Eq.5.3.
Notice that experimental constraints from flavour-changing neutral-current data is only
sensitive to the rst two families, and this scenario (with a hierarchically larger third family)
may not violate these constraints, thereby providing an interesting alternative solution to
the flavour-changing problem.
6. Conclusions
We have considered twisted moduli contributions to supersymmetry breaking in eective
type I string constructions based on intersecting D5i and D9-branes, using the formalism
of Goldstino angles and extending the scope of previous analyses which were based on
a single D9-brane sector. The more general set-up allows the possibility of states which
are sequestered from twisted moduli states which are located at xed points and cannot
move freely. The sequestered states should have suppressed soft mass contributions from
distant twisted moduli, and this observation has been used to suggest how ~gMSB might
be implemented in type I string theory [16]. However, contrary to this expectation, we
found that the standard form of the Ka¨hler potential leads to non-zero soft masses for
the sequestered states in the twisted moduli dominated limit. This motivated us to look
for a new form of Ka¨hler potential for the sequestered states. We have proposed a new
form of the Ka¨hler potential which is consistent at leading order with the sequestered
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form proposed by Randall and Sundrum [18], and which leads to exponentially suppressed
sequestered soft masses. Including the eect of Green-Schwarz mixing we have written
down soft scalar and trilinear masses arising from a general string construction involving
intersecting D5i and D9-branes in the presence of untwisted and twisted modul. We have
shown how the results may be applied to ~gMSB, and discussed two explict scenarios for
this based on two intersecting 51 and 52 brane sectors, in which the MSSM gauge group
is placed on the 52 sector. The second scenario in which ~gMSB only applies to the rst
two families, and the third family receives an unsuppressed soft mass was rst discussed in
[22].
The general results will be useful in phenomenological studies involving a combina-
tion of gravity and gaugino mediated SUSY breaking due to the dilaton, untwisted and
twisted moduli contributions, and enable the soft masses to be studied as a function of the
compactication radii. Previous analyses [15] have only considered the eect of twisted
moduli in the case where the gauge group and matter elds live on the D9-brane, and
share the same world-volume with all twisted moduli elds. However such a scenario does
not give rise to localised matter elds (conned at intersection points) and in general one
does not encounter states which are sequestered from twisted moduli. Hence the standard
Ka¨hler potentials used in those analyses are perfectly acceptable. By contrast our analysis
opens the door for more general type I string constructions involving D9 and D5i-branes,
where potentially more realistic phenomenology and hierarchies between observables can
be obtained with some or all of the matter elds sequestered from twisted moduli SUSY
breaking sectors.
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A. Supergravity Basics
We will now use a conventional supergravity formalism to describe the 4d eective theory
that arises as the low energy limit of the type I theory. Supergravity (local SUSY) is dened
in terms of a Ka¨hler function (G) of generic chiral superelds (φ = h,Ca) including the hid-


















The Ka¨hler potential K(φ, φ) is a real function of chiral superelds and may be expanded
in powers of matter states Ca [10] (including non-perturbative contributions):




Zab(h, h)CaCb + h.c.

+ . . . (A.2)
9Notice that we have included powers of the reduced Planck mass ( ~MP ) that appear in the Ka¨hler
function to obtain the correct dimensions, although it is conventional to adopt natural units and set ~MP = 1.
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where ~Kab¯ is the (generally non-diagonal) matter metric and a non-zero bilinear term Zab
can generate the µ-term through the Guidice-Masiero mechanism [23] subject to gauge-
invariance. The superpotential W (φ) is a holomorphic function of chiral superelds that
can also be expanded:






YabcCaCbCc + . . . (A.3)
Notice that it includes a trilinear Yukawa term (that will generate fermion masses) and
a bilinear µ-term. However, the Ka¨hler potential and superpotential also receive non-
perturbative contributions that are often dicult to predict. To make progess we will
utilise a simple parametrisation of our ignorance of the non-perturbative sector in terms
of Goldstino angles and CP-phases.
A.1 Supergravity Potential
We know that in Nature SUSY must be broken and various mechanisms have been pro-
posed. It is convenient to analyse the SUSY breaking by considering the F-part of the
SUGRA scalar potential 10. It can be expressed in terms of derivatives of the Ka¨hler
function G(φ, φ), or equivalently in terms of the F-term auxiliary elds that can acquire
non-zero vevs and trigger the SUSY breaking [10]. Using Eq.A.1 we obtain:




= FJ¯ KJ¯I FI − 3eK jW j2 (A.4)







FI = eG/2(K−1)IJ¯ GJ¯ (A.6)
where (K−1)IJ¯ is the inverse of the metric KJ¯I , and satises the relation (K−1)IJ¯KJ¯L =
δIL. A subscript on G denotes partial dierentiation, while the same subscript on F is just
a label. A barred subscript on an F-term denotes its conjugate eld FI¯  (FI)y. We make
no distinction between upper and lower indices.
After SUSY breaking, the supersymmetric partner of the Goldstone boson (Goldstino)
is eaten by the massless gravitino through the super-Higgs mechanism. The gravitino now
has a mass given by
m23/2 = e
hGi = ehKi jhW ij2 = 1
3
hFJ¯ KJ¯I FIi (A.7)
and sets the overall scale of the soft parameters.
In the absence of F-term vacuum expectation values (hFIi = 0 8φI), the locally super-
symmetric vacuum is negative VSUSY = −3eG. However if one (or more) of the auxiliary
F-terms acquires a non-zero vev, the negative vacuum energy can be (partially) cancelled.
This raises the exciting possibility that the vacuum energy, or rather the cosmological con-
stant V0, can be made vanishingly small in agreement with experimental limits. Notice
that such a possibility cannot arise in global SUSY.
10We will ignore the D-term contribution to the potential that arises from the gauge sector.
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A.2 SUSY breaking F-terms
As previously mentioned, (unknown) non-perturbative contributions to the Ka¨hler function
require a parametrisation of our ignorance in terms of Goldstino angles and CP-phases that
control the relative contributions to SUSY breaking from the various F-terms vevs. We
can dene a column vector of F-term vevs F in terms of a matrix P and column vector 
(which also includes a CP-phase), where  has unit length and satises y = 1, and P
canonically normalises the Ka¨hler metric P yKJ¯IP = 1:
F =
p







Replacing the elds by their vevs, we can rewrite Eq.A.4 as a matrix equation:










where V0 is the cosmological constant and hence C2 = 1 + V03m2
3/2
. Therefore, choosing a
vanishingly small cosmological constant sets C = 1.
As an example consider the case of the dilaton S and an overall moduli eld T with
diagonal Ka¨hler metric. The SUGRA potential would be a \sum of squares" VF  jFS j2 +
jFT j2 + . . .− 3eG and hence the P-matrix is a diagonal normalising matrix:
PIJ¯ = (KII¯)
−1/2δIJ¯ (A.10)











−1/2 sin θ eiαS
(KT T¯ )
−1/2 cos θ eiαT
!
(A.11)
so that dilaton(moduli) dominated SUSY breaking corresponds to sin θ(cos θ) = 1 respec-
tively. However in the more general case, the potential includes terms that mix dierent
F-terms. The action of the P-matrix is to canonically normalise the Ka¨hler metric and
maintain the validity of the parametrisation 11.
A.3 Soft Masses and trilinears
Using Eqs.A.2,A.3 we can write down the un-normalised SUSY breaking masses and tri-
linears that arise in the soft SUGRA potential [10]:






+ . . . (A.12)
11The Ka¨hler metric always receives o-diagonal components from the matter elds, but these are con-
ventionally assumed to be small in comparison to the diagonal entries. However, the anomaly cancelling
Green-Schwarz term mixes dierent elds at the same level to introduce o-diagonal components of com-
parable size.
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KmYabc + ∂mYabc −

( ~K−1)de¯∂m ~Ke¯aYdbc (A.14)
+(a $ b) + (a $ c))]
where the subscript m = h,Ca. Notice that a non-diagonal Ka¨hler metric for the matter
states will generate a mass matrix between dierent elds. The physical masses and states
are obtained by transforming to the canonically normalised Ka¨hler metric,
~Ka¯b Ca¯Cb −! C 0a¯C 0a. (A.15)
The Ka¨hler metric is canonically normalised by a transformation ~P y ~K ~P = 1, so that the
physical canonically normalised masses m2a are related to the previous non-canonical mass
matrix m2a¯b by the relation
m2a = ~P
ym2a¯b ~P . (A.16)
If the Ka¨hler matter metric is diagonal (but not canonical) ~Ka = ~Ka¯bδa¯b then the canoni-







(I, J = h,Ca). (A.17)




FI∂Ifα (I = S, Ti, Yk) (A.18)









B. Sequestered Hidden Sectors a´ la Randall-Sundrum
Randall and Sundrum [18] constructed a model with parallel 3-branes separated along a
fth extra dimension y. Matter elds are localised on one brane at y = 0 while SUSY was
broken on the other brane at y = L. SUSY breaking is communicated between sectors
via bulk elds living in the extra dimension including gravity and the conformal anomaly
multiplet. The hidden sector is truly \sequestered", or hidden, from the visible sector due
to the very weak gravitational coupling strength.
Consider the supergravity lagrangian kinetic term for chiral matter superelds Q =













R+ . . . (B.1)
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where g = det(gµν), R is the Ricci scalar, and we adopt the \compensator formalism" of
Wess and Bagger [24] for the gravity elds:
  1 + FΦθ2 (B.2)
such that flat space corresponds to  = 1, gµν = ηµν and Eq.B.1 recovers the familiar
globally supersymmetric lagrangian.
The kinetic lagrangian function f is related to the familiar SUGRA Ka¨hler potential
K by:
f  −3 ~M2P e−K/3M˜
2
P (B.3)
where ~M2P = M
2
P /8pi is the reduced Planck mass and is conventionally set equal to unity in
cosmological units. Notice that for a canonically normalised Ka¨hler potential K(~qy, ~q) = ~qy~q
then
f(~qy, ~q)  −3 ~M2P + ~qy~q + . . . (B.4)




R+ . . . (B.5)
Now we will include a hidden sector eld  which acquires a non-zero vev and breaks
SUSY. The eect of SUSY breaking is communicated to the visible sector via the bulk 
elds, and any direct coupling between the two sectors arises from a non-renormalisable
operator with a coecient suppressed by powers of ~MP .
Previous attempts to incorporate a hidden sector eld have simply added the visible
and hidden sector matter Ka¨hler potentials together (K = Kvis + Khid) but from Eq.B.3
this will clearly lead to a non-zero tree-level scalar mass, albeit suppressed by powers of
the Planck mass. Randall and Sundrum realised that in order to obtain a truly sequestered
hidden sector, the hidden and visible sector Ka¨hler potentials must be added non-linearly:










which gives a combined Ka¨hler potential:









Notice that there is no problem adding the individual hidden and visible sector super-
potential together to form a combined superpotential, since each superpotential is radia-
tively stable due to non-renormalisation theorems. The Randall-Sundrum Ka¨hler potential
possesses the property that - due to a \magical" cancellation - the scalar mass vanishes
exactly at tree-level. An explicit example is given in Ref.[18].
{ 27 {
References
[1] C. Hull and P. Townsend, Nucl. Phys. B438 (1995) 109, [hep-th/9410167]; E. Witten, Nucl.
Phys. B443 (1995) 85, [hep-th/9503124].
[2] A. Font, L.E. Iba~nez, D. Lu¨st and F. Quevedo, Phys. Lett. B249 (1990) 35; M. Du and J.
Lu, Nucl. Phys. B357 (1991) 534; A. Sen, Int. J. Mod. Phys. A9 (1994) 3707,
[hep-th/9402002].
[3] For a review, see: J. Polchinski, hep-th/9611050.
[4] M. Green and J. Schwarz, Phys. Lett. B149 (1984) 117; D.Gross, J. Harvey, E. Martinec and
R. Rohm, Nucl. Phys. B256 (1985) 253.
[5] G. Aldazabal, A. Font, L.E. Iba~nez and G. Violero, Nucl. Phys. B536 (1998) 29,
[hep-th/9804026]; G. Aldazabal, D. Badagnani, L.E. Iba~nez and A.M. Uranga, JHEP 9906
(1999) 031, [hep-th/9904071]; L.E. Iba~nez, R. Rabadan and A.M. Uranga, Nucl. Phys. B576
(2000) 285, [hep-th/9905098].
[6] L.E. Iba~nez, R. Rabadan and A.M. Uranga, Nucl. Phys. B542 (1999) 112, [hep-th/9808139].
[7] L.E. Iba~nez, C. Mu~noz and S. Rigolin, Nucl. Phys. B553 (1999) 43, [hep-ph/9812397].
[8] L.E. Iba~nez, Class. Quant. Grav. 17 (2000) 1117, [ hep-ph/9911499].
[9] L. Dixon, J. Harvey, C. Vafa and E. Witten, Nucl. Phys. B261 (1985) 678; Nucl. Phys.
B274 (1986) 285.
[10] A. Brignole, L.E. Iba~nez and C. Mu~noz, hep-ph/9707209.
[11] Z. Kakushadze, G. Shiu, S.H.H. Tye, Phys. Rev. D58 (1998) 086001, [hep-th/9803141]; Z.
Kakushadze, Nucl. Phys. B535, (1998) 311, [hep-th/9806008].
[12] L.E. Iba~nez and H.P. Nilles, Phys. Lett. B169 (1986) 354.
[13] T. Banks and M. Dine, Nucl. Phys. B479 (1996) 173, [hep-th/9605136]; K. Choi, Phys. Rev.
D56 (1997) 6588, [hep-th/9706171]; H.P. Nilles and S. Stieberger, Nucl. Phys. B499 (1997)
3, [hep-th/9702110]; H.P. Nilles, M. Olechowski and M. Yamaguchi, Phys. Lett. B415 (1997)
24, [hep-th/9707143].
[14] A. Brignole, L.E. Iba~nez and C. Mu~noz, Nucl. Phys. B422 (1994) 125, [hep-ph/9308271];
Erratum-ibid. B436 (1995) 747; A. Brignole, L.E. Iba~nez, C. Munoz and C. Scheich, Z. Phys.
C74 (1997) 157, [hep-ph/9508258].
[15] S.A. Abel, B.C. Allanach, L.E. Iba~nez, M. Klein and F. Quevedo, JHEP 0012 (2000) 026,
[hep-ph/0005260]; B.C. Allanach, D. Grellscheid and F. Quevedo, hep-ph/0111057.
[16] K. Benakli, Phys. Lett. B475 (2000) 77, [hep-ph/9911517].
[17] D.E. Kaplan, G. Kribs and M. Schmaltz, Phys. Rev. D62 (2000) 035010, [hep-ph/9911293];
Z. Chacko, M. Luty, A.E. Nelson and E. Ponton, JHEP 0001 (2000) 003, [hep-ph/9911323].
[18] L.Randall and R.Sundrum, Nucl. Phys. B557 (1999) 79, [hep-th/9810155].
[19] S.A. Abel and G. Servant, Nucl. Phys. B597 (2001) 3, [hep-th/0009089]; S.A. Abel and G.
Servant, Nucl. Phys. B611 (2001) 43, [hep-ph/0105262].
[20] L.Everett, G.L.Kane and S.F.King, JHEP 008 (2000) 012, [hep-ph/0005204].
[21] G. Shiu and S.H.H Tye, Phys. Rev. D58 (1998) 106007, [hep-th/9805157].
{ 28 {
[22] S.F. King and D.A.J. Rayner, Nucl. Phys. B607 (2001) 77, [hep-ph/0012076].
[23] G.F. Giudice and A. Masiero, Phys. Lett. B206 (1988) 480.
[24] J. Wess and J. Bagger, Supersymmetry and Supergravity, 2nd ed., Princeton Univ. Press
(1992).
{ 29 {
